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decades before ultimately being proved right. In thisThe Great Divide
short chapter, the reader also faces the complexities of
the many possible mechanisms for cytokinesis, which
encourages one to think hard about how the systemCytokinesis in Animal Cells.
really works, a prerequisite to marrying classical meth-
By Ray Rappaport.
ods with newer molecular techniques.
New York: Cambridge University Press. (1996).
Subsequent chapters are devoted to a detailed expo-
386 pp. $84.95. sition of the experiments that have enabled us to choose
among rival theories and mechanisms. It was estab-
lished relatively early on that the active machinery for
Among the three major events of cell reproductionÐ
cytokinesis lies in the cell cortex and that, once the
replication of the genome in S phase, partitioning of division machinery is established, subsurface elements
sister chromatids in mitosis, and cytokinesis, or cell such as the mitotic apparatus do not play a direct role
division itselfÐcytokinesis was the first to be described
in the division process itself. Chapters four and five deal
historically, butwill probably be the last tobe well under-
with two of the major issues in cytokinesis, namely:
stood at the molecular level. At least part of the intracta- what is the nature of the division mechanism?; and what
bility of the cytokinesis ªproblemº stems from the fact determines the site and timing of cytokinesis? It is here
that the machinery and controls attendant to the division that Rappaport's own experiments come to the fore; of
process operate at a global level in the cell. In addition, the hundred-odd figures in this book, nearly half are
many aspects of this final stage in the cell cycle depend derived from his own work,often performed incollabora-
intimately on events of mitosis, which is bewilderingly tion with B. Rappaport. Thus, the squashing of cleaving
complex in its own right. In light of these difficulties, eggs into toroids demonstrates that the position of a
one productive approach has been to try to establish cleavage furrow is determined not only by the position
the rules and principles by which cytokinesis occurs, of the underlying mitotic apparatus but, more specifi-
before proceeding with a more molecular analysis. This cally, by the positioning of astral microtubules (not chro-
has particular value in global events like cell division, mosomes, not spindles) with respect to the cell surface.
where many of the components used (such as actin, This is one of my favorite experiments in cell biology,
and its associated proteins and regulators) may not be because of the clarity of its result, derived from a manip-
unique to the specific process under study. Cytokinesis ulation that produces just the right amount of perturba-
has attracteda diverse group of investigators, with much tion to a systemÐenough to get an effect, but not so
progress coming from a rather small band of workers extreme as to be uninterpretable. Similarly, suspending
with ready access to sea urchins. Among them, Ray eggs from a surface with tiny weights, stretching them to
Rappaport has, since the 1960s, elucidated several of several times their original diameter, and then observing
the key principles of cytokinesis, using methods that that they retain the ability to cleave normally (and at the
ªwould have been possible with the equipment available right time), provides compelling evidence to support the
by the early 1920sº (p. xii). Rappaport has also produced view that division occurs by an increase in equatorial
several influential reviews on cytokinetic mechanism, tension and constriction. These and experiments of a
and this book represents a culmination of his own exper- similar ilk, by Rappaport and others, can be striking in
imental work as well as that of others, reaching back the amount of insight they often provide, and in many
into the mass of literature on cytokinesis that has accu- instances in this book, we return to the same decisive
mulated over the last 100 years. Much of this is work experiment several times, to illustrate different points.
that members of the present generation would, quite It should also be noted that although often conceptually
frankly, never encounter, and to read this book is to get simple in design, these experiments are not ancient sci-
a broad sense of the history of the field in general. ence. Only very recently has it been shown, using ten-
Rappaport begins with a brief description of the es- sion-reporting silicone substrata, that cytokinesis in
sential phenomenology of cytokinesis, in three distinct mammalian cells also involves a specific increase in
cell types: early cleavage embryos of echinoderms, his- cortical tension in the cell equator rather than cortical
torically the most studied system; unilaterally cleaving ªrelaxationº at cell poles (Burton, K., and Taylor, D.L.
eggs such as those of amphibians; and tissue culture [1997], Nature 385, 450±454). In a similar vein, the role of
cells, which in spite of their irregularities have recently the mitotic apparatus in generating signals for cleavage
gained currency in cytokinesis research, both confirm- remains an active area of research, although in mamma-
ing and challenging the views obtained from work with lian cells it is likely that spindle microtubules rather than
the more classical systems. This introduction is followed astral microtubules have a primary role in determining
by a summary of the many theories that grew out of the cleavage axis (Wheatley, S.P., and Wang, Y.-l. [1996],
early observation. From this one gets the sense that J. Cell Biol. 135, 981±989). Later chapters address, in
even in the premolecular era, many of the major ideas considerably more detail, the formation and biochemis-
were hit upon fairly quickly, but because of a lack of try of the cleavage furrow, the organization and assem-
convincing experimental supportÐor an obsession with bly of actin, myosin and other (mostly unknown) proteins
potential artifact, depending on how you look at itÐ into a contractile ring, and the nature of the signaling
from the mitotic apparatus to the cell surface that directsthese ideas often sat alongside less correct ones for
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the position and timing of the cleavage furrow. A final embryology and lay the groundwork for answering new
chapter, entitled ªInformative variations on the normal sets of questions on a more molecular level. How this
processº presents an especially good discussion of un- will best be achieved? In addition to more classical cell-
equal division and the attachment of asters and spindle biological and biochemical investigations that will con-
poles to the cell cortex, as well as a section on the tinue to provide insight, I suspect that significant ad-
syncytial divisions of early Drosophila embryos. Such vances to understanding cytokinesis in animal cells will
modifications of the ªnormalº process, i.e., where spe- come from the genetics of C. elegans embryogenesis
cific submechanisms may predominate or be absent, and the ªincompleteº cell divisions of the early Drosoph-
can be particularly useful in helping us to understand ila embryo, and also from the nonanimal cytokineses of
specific aspects of cytokinetic mechanism, especially budding and fission yeast, where the basic hardware
as one focuses on more molecular goals. is likely to be conserved (the septins come to mind),
What, then, are the rules by which cytokinesis pro- although probably used in somewhat different ways.
ceeds in animal cells, and are there any universals?
Ultimately two basic biological principles emerge, and Kenneth E. Sawin
these, in a sense, do answer the questions posed by
Cell Cycle Laboratory
cytologists 100 years ago. The first is that division is
Imperial Cancer Research Fund
achieved primarily by an active equatorial mechanism,
44 Lincoln's Inn Fields
the force for which is derived from a contractile ring or
London WC2A 3PX
furrow containing actin and myosin. The second is that
United Kingdom
the signals that direct the formation of the contractile
ring come from the mitotic apparatus. Or, in a more
abstract form, ªthe basic necessities are a restricted
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and a responsive boundary membrane with a closely
associated complex of potentially contractile materialº
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